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ABSTRACT OF THE DISCLOSURE

There is disclosed a process for producing styrene
polymer having a high degree of syndiotactic configuration
which comprises polymerizing a styrene monomer in the presence
of a catalyst comprising (A) aluminoxane and (B) a transition
metal compound. The styrene monomer 1s a purified '
styrene monomer containing a phenylacetylene compound in an
amount of 50 ppm oOr less.

According to.the process, a styrene polymer having a high
degree of syndlotactic configuration can be produced with good

efficiency.
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PROCESS FOR PRODUCING STYRENE POLYMERS

BACKGROUND OF THE INVENTION

1. Field of the Invention‘

This invention relates to a process for producing
styrene polymers, more specifically to a process for
producing styrene polymers having a high degree of ,
syndiotactic configuration in their stereochemical structure
of the polymer chain with good efficiency by using a purified
styrene monomer as a starting material.

'2. Description of the Related Arts

' 'Heretofore,'styrene poiYmers produced by the radical
polymerization method have an atactic configuration in
stereostructure and are molded to various shapes by various
molding methods suoh as injection molding, extrusion molding,
blOw molding, vacuum molding and'cast‘molding, and they'have
baen widely used as domestic electric appliances, office
machines, household goads, packaging containers, toys,
furnitures, synthetic papers and Other-industrial materials.

However, such styrana polymers having atactic
'-configuratiOn have disadvantage that it ia inferior in heat
resistance and chemical resistance. '

' - The group of fhe'present invéntors has previously
sacceedéd in developing'styrene polymers haVing a high degree
of syndiotacticity andfurther proposed that styrena polymers
having syndiotactic configuration by using a catalyst '

- comprising a transition metal compound and a reaction product

(aluminoxiane) of an organoaluminum compound with a
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condensing agent (see Japanese Patent Application Laid-Open
No. 187708/1987, etc.).

However, this polymerization catalyst is poisoned by
impurities in the reaction system whereby activity thereof is
likely lowered and thus it would be desired to use a highly
purified styrene monomer as a starting matérial.

Iin the course of the research, it has been found that a
phenylacetylene compound cantained ‘in a styrene monomer for
industrial use particularly poisons polymerization catalyst
.markedly. For’éxample, commerciélly available styrene
monomers for industrial use contain impurities such as
phenylaoetylene in an amount of 80 to 300 ppm and these
impurities cause poisoning of catalyst whereby catalyst
activity is markedly lowered. Particularly, phenylacetylene
has boiling point'near that of a Styrene monomer sa ‘that
sepafation by distiilation would be difficult.

A method for purifving Styréné monomer in which a
monomer is treated by silica gel or activated charcoal has
herétofore been knoWn (Japanése Patent Publication No.
38543/1977), but the method should'be utilized'only for
 'production of atactic polystyrenes,. Thus,.the purification
'ﬂrocedureof the styrené'monomer has mainly carried'Out to
remové a specific organic polymerization inhibitor contained
in the styrene mohomer-as an impurity.

Also, in Japanese Patent Applioation Laid-Open NO.
4433/1973, there‘is described a method in which a crude

styrene is treated with iron~substituted zeolite for

\\\\\
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purifying. However, zeolife type absorbents have a problem
that it causes polymerization reaction generating polystyrene
having atactic configuration during purification procedure.
Thus, the present inventors have intensively studied to
develop a process for removing impurities which polison
catalysts to be used in the process for producing styrene
polymers having syndiotactic configuration from a styrene
monomer used as a starting material with moderate conditions.

' SUMMARY OF THE INVENTION

Under such a situation, the present inventors have
conducted various attempts. As the results, it has been
found that a styrane monomer containing phenylacetylene
compounds 1in an amount of 50 ppm or less which can be
obtained by subjecting commercially availlable styrene
‘monomers for industry to various purification processings
could markedly reduce poisoning of a polymerization catalyst.
It has also been found that,‘When such a purified styrene
monomer 1s employed, styrene poiymérs having syndiotactio
configuration could'be obtained markedly effectively. The
present invention_has been'accomplished based on such
findings.

- That 1is, the présent invehtionfrelétes to a process
for procducing styrene polymers having a high degree of
syndiotactic configuration by polymerizing a styrene monomer
in the presence of a catalyst comprising (A) aluminoxane and

(B) a transition metal compound. An improvement lies in

the use of a purified styrene monomer containing
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phenylacetylene compounds in an amount of 50 ppm or less as a
starting material.

PREFERRED EMBODIMENTS OF THE INVENTION

The styrene monomer to be used in the process of the
present invention may include various ones but usually those

represented by the following formula (I):

CH2=CH

(R)n

whérein R represents a hydrogen atom, a halogen atom or

a hydrocarbon group having carbon atoms of 20 or less;

and m is an integer of 1 to 3, provided that, when m is

plural number, each R may be the same or different.

In the above formula, each symbol is as mentioned
above, but more specifically, R represents a hydrogen atom, a
halogen atom (e.g. chlorine, bromine, fluorine, iodine) or a
hydrocarbon group héving carbon atoms of 20 or less,
preferably 10 to 1 carbon atém (e.g. a saturated hydrocarbon
group (particularly an alkyl group)'such as a methyl group,
én‘ethyl group, a propyl group, a butyl group, a pentyl group
and a hexyl group; or an unsatureted hydrocarbon group such
as a vinyl group). Examples of the styrene monomer
represented by the formula (I) may inciude alkylstyrenes such
as styrene, p-methylstyrene, m-methylstyrene, O-

methylstyrene, 2,4-dimethylstyrene, 2,5-dimethylstyrene, 3,4-
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dimethylstyrene, 3,5-dimethylstyrene, p-ethylstyrene, m-
ethylstyrene and p-tertiary-butylstyrene; p-divinylbenzene;
m-divinylbenzene; trivinylbenzene; halogenated styrenes such
as p-chlorostyrene, m-~chlorostyrene, oO-chlorostyrene,
p-bromostyrene, m-bromostyrene, o-bromostyrene,
p-fluorostyrene, m-fluorostyrene, o-fluorostyrene and
o~methylép~fluorostyrene, or two Oor more of'mixtures thereof.

In styrene monomers commercially available or provided
as a raw material for industry, in addition.to t-
bﬁtylcatechol which is a polymerizafibn inhibitor, water,
corresponding aldehyde (benzaldehyde in.the case of styrene),
corresponding acetylene (phenylacetylene in the case of
styrene), corresponding peralkylating material (a-
methylstyrene or g-methylstyrene in the case of styrene) are
contained. Particularly, phenylacetylene in'the styrene has
boiling point near that of styrene so that separation of
phenylacetylene from Styrene.is difficult by the usuai
distillation.

In the present invention, prior to.pélymerizing a
styrene monomer containing impurities used as starting
materials in induStry, it-is'neCeSSary to carry out the
éurification processing to reduce the content of
bhenylacetylene compound in said monomers to 50 ppm or less,
preferable 10 ppm or less. If the amount of the
phenylacetylene compound in the styrene monomex exceeds 50
ppm, poison of a polymerization catalyst is remarkable so

that polymerization can hardly proceed with good efficiency.
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The phenylacetylene compound may include various ones

but it is usually represented by the following formula (II):

. « o (IX)

wherein R represents a hydrogen atom, a halogen atom oI

a hydrocarbon group having carbon atoms of 20 or less;

and,m is an intéger ofil to'3, provided that, when m is

plural number, each R may be the same or different.

In the above formula, each symbol is as mentiloned
above, but more specifically, R represents a hydrogen atom, a
halogen atom (e.g. chlorine, bromine, fluorine, iodine) or a
hydrocarbon group having Carbon atoms of 20 or less,
preferably 10 to 1 carbon atom'(e.g. a saturated hydrocarbon
group (pafticularlyan‘alkyl graup) such éé a methyl group,
an ethyl group, a.propyl group, a butyl group, a pentyl group
and a hexyl group; or an unsaturatedhydiocarbon group such
as a Vihyl group),' Examples ofthephénylacetYIene
éépresented by the formula'(II) may'include
alkylpheﬁylacetylenés such as phenylacetylene,
p-methylphenylacetylene, m-methylphenylacetylene,
o-methylphenylacetylene, 2,4-dimethylphenylacetylene,
2,5-dimethylphenylacetylene, 3,4-dimethylphenylacetylene,

3 5-dimethylphenylacetylene, p-ethylphenylacetylene,

’’’’’’
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m-ethylphenylacetylene and p-tertiary-butylphenylacetylene;
p~divinylbenzene; m-divinylbenzene; trivinylbenzene;
halogenated phenylacetylenes such as p-chlorophenylacetylene,
m-chlorophenylacetylene, o-chlorophenylacetylene,

p-bromophenylacetylene, m-bromophenylacetylene,

o-bromophenylacetylene, p-fluorophenylacetylene,
m-fluorophenylacetylene, o-fluorophenylacetylene and
o-methyl-p-fluorophenylacetylene, oOr two or more of mixtures
thereof.

Here, there are various methods for purifying the
styrene monomer and the methods are not particularly limited
so long as they can reduce the content of phenylacetylene
compound in the monomer to 50 ppm or less. As the concrete
method, the following purification methods 1 to VII are
mentioned.

(1) A method in which a styrene monomer is tréated ﬁith at
least one inorganic substance selected from the group
conSisting of alumina, activated alumina, silica gel,
activated charcoal,'calcium oxide, aluminum silicate and
diatomacéous earth:(Purification method I}).

(2) A,method in whiCh'a-styrene monomer is degassed under
feduced pressure or paSsed a dried ineft gas by bubbling
therethrough to remove water therein and then treated with
the above inorganic subatance (Purification method II).

(3) A method in which a styrene monomer is contacted with an

organocaluminum and then treated with the above inorganic

substance (Purification method III).
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(4) A method in which a styrene monomer is contacted with an
organcaluminum and then distilled (Purification method 1IV).

(5) A method in which a styrene monomer 1s contacted with an
organoaluminum and then subjected to hydrolysis and distilled

(Purification method V).

(6) A method in which a styrene monomer is contacted with an
organoaluminum and then subjected to hydrolysis and treated
with the above inorgahic substance (Purification method VI).
(7) A method in which a styrene monomer is subjected to
hydrogenation treatment in the presence of a hydrogenation
catalyst to selectively hydrogenate phenylacetylene compound
contained therein (Purification method VII).

Firstly, according to Purification method I, prior to
effecting polymerization of a styrene monomer as a raw
matérial for industry which contain impurities, such a
monomer is treated with an inorganic substance such as
alumina, activated alumina,siliaa gel, activated charcoal,
calcium oxide, aluminum silicate and diatomaceous earth;
particularly preferably with alumina or activated alumina,
'whereby poisoning of a polymerization.catalyst can be
decreased. The treatment by alumina, etc. at this time can
| ﬁe Carried out under‘variOus conditions but usually it can be
carried out by contacting the abQVe materials with a styrene
monomer at a temperature of 0 to 50°C for 10 minutes to 2
hours. Incidentally, zeolites are not suitable as an
inorganic material for the above treatment because they cause

polymerization reaction in the course of the treatment to
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form styrene polymers having atactic configuration.

Also, according to Purification method IX1, it is
effective to remove particularly water in the styrene monomer
by degassing the starting styrene monomer under feduced
pressure or passing a dried inert gas through the starting
styrene monomer by:bubbling prioxr to the processing of the
above Purification method I. A standard of removal at this
case may be_optionally selected'deﬁending on the situation,
and usually water is removed sO as tb become the wéter
.content:to's ppm oxr less by degassing under reduced pressure
or passing'dried'gas therethroﬁgh by means Of bubbling.

Next, according to Purification methods III'to VI, the
above styrene mondﬁer ig firstly brought into contact with an
ofganoaluminum COmpound. Here, tﬁé organoaluminum compound

includes a compound represented by the formula:

AlRY .R? R

i j 3~(i+j) ' (11I)

 wherein Rl,Rzﬂand'R3 each_represent a hydrogen atom,
’an alkyl group or an alkoxy group having 1 to 8 carbon
afoms, or a halogenatom; i and j each are integers of
0 to 3 and i'¥ j is an integer of 0 to 3; 

Specific examples of the organocaluminum compound include
trimethylaluminum, triethylalUminum, tripropylaluminum,
triisobutylaluminum, trioctylaluminum, dimethylaluminum

chloride, diethylaluminum chloride, hydrogenated

diethylaluminum, hydrogenated diisobutylaluminum and
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diethylaluminum ethoxide. Of these compounds, an
organocaluminum compound containing no halogen atom is
preferred, and an organoaluminum compound having hydrogen, an
ethyl group and/or isobutyl group such as
triisobutylaluminum, hydrogenated diisobutylaluminum and
hydrogenated diethylaluminum is more preferred. Also, the
aluminoxane of the component (A) as the catalyst may be used.
Prior to contact~with the abogve organocaluminum
compouod, it is preferred.to measure amounts'of'impurities
",such as phenylacetylene'compound in thestyrene‘monomer by a
gas chromatography or the like. Based on rhe'measuremeot,
 the organoaluminum compound Wthh is to be brought into
contact With monomers is optionally added within the range of
'1 to.1o00 moles per mole of impurity, but in many cases, it
is sufficient within the range of 1 to 10 moles. However,
even when excessive amount of'the'organoaluminum compound is
added to the reaction system, no partlcular problem would be

caused.. The reaction temperature is O to 100°C, preferﬁbly

'zo to 40 C.

The reaction tlme is 5 minutes to 10 hours but in many

 cases, it is sufficient with the reaction time of 10 minutes

" to 1 hour.

In Purification methods III to VI as mentioned above,
the processing after brought into contact with the
organoaluminum compound ia any of the following; That is,
(a) processing with the above inorganic material'

(Purification method III), (b) direct distillation

~10-
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(Purification method 1IV), (c) after hydrolysis, distillation
(Purification method V) or (d) after hydrolysis, processing
with the above inorganic material (Purification method VI).
In case where after brought into contact with the
organoaluminum compound, distillation is directly carried out
(Purification method 1V), distillation procedure may be
carried out under the conditions of separating the styrene
monomer from the reaction product of the organoaluminum
compound and impurities; The distillation conditions can be
optiohally seleCted, but distillation at a low temperature is
preferred and that under'reduced pressure is more preferred
than that under atmospheric pressure. The distillation
temperature igs 0 to 100°C, preferably 0 to 50°C. To the '
contrary, when distillation is carried out'after hydrolysis.
(Purification method V), distillation.can be carried oﬁt SO
as to Separate the'styrene nonomer from a hydrolysis product
- of a reaction product coﬁpoéed of the organoaluminum compound
.ahd impurities in the styreﬁe monomer. Since the. .
organoaluminumCOmpound used iS-elso hydrolyzed.to form
aluminum'hydroxide; it'is preferred to distillete after
separation'of an Organic phase.comprising the styrene monomer
end'an'eqerue phase eontaining alUminum hydroxide-and-the
like. Also, when the processing with the above inorganic
material is carried out after hydrolysis (Purification method
VI), hydrolysis can be carried out in the same operations and
conditions as mentioned above and then the hydrolyzed product

is removed by adsorbing to the above inorganic material.

~11-
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Next, according to Purification method VII, by
subjecting the above styrene monomer to hydrogenation
treatment in the presence of a hydrogenation catalyst
containing a platinum group metal (such as Pt, Pd, Rh and Ir)
or Ni and Cu, phenylacetylene compounds contained therein can
be selectively hydrogenated to be removed.

Of these processings, the above Purification method III
is particularly suitable since no distillation processing nor
addition of water is accompanied by.

In the‘process of the present invention, styrene
polymers having high syndiotacticity can be obtained with
high activity by polymerizing the styrene monomers purified
as mentioned above 1n the presence of a polymerization
catalyst.

The styrene polymers produced by the process of the
present invention has a high degree of syndiotactic
configuration. Here,.the styrene polymexr which has a high
degree of the syndidtaotic configuration means that its
stereochemical structure is mainly the syndiotactic
.configuration, i.e. the stereostructure in which phenyl
groups or substituted'phenyl groups as side chains are
focated alternatély at opposite diredtions (racemic isomer)
rélative to the main chain consisting of carbon-carbon

bonds. Tacticity is quantitatively determined by the nuclear

13C~NMR method) using carbon

isotope. The tacticity as determined by the 13C---NMR method

magnetic resonance method (

can be indicated in terms of proportions of structural units

~12-
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continuously connected to each other, i.e. a diad in which
two structural units are connected to each other, a triad in
which three structural units are connected to each other and
a pentad in which five structural units are connected to each
other. The styrene polymers having such a high degree of
syndiotactic configuration means that the proportion of
racemic diad is usually at least 75% and preferably at least
85%, or the proportions of racemic ‘pentad is.at least 30% and
preferably at least 50%. However, the degree of the
syndiotactic configuration may somewhat_Vary depending on the
kind of the substituent or the cohtent of each recurring
unit.

As the catalyst to be used in the process of the
present invention, those comprising (A) aluminoxane and (B) a
transition metal compound are‘suitable.

The'alumin¢Xane which is.COmponent (A) of the catalyst
is a compound obtained by contacting with various
organoaiuminum compound and a condensing agent. Ag the
- organocaluminum compound used as a starting material, ah
organoaluminum'compound.represented by‘the general‘formula:

ALR® ' S (1V) '

whérein R4'is~an allegrouphavihgl to 8 carbon

afoms,
more specifically, trimethylaluminum, triethylaluminum and
triisobutylauminum can be mentioned, and trimethylaluminum is

particularly preferred.

On the other hand, a typical example of the condensing

~13-
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agent for said organocaluminum compound is water. In
addition, any compounds capable of undergoing a condensation
reaction with organoaluminum compounds including
alkylaluminum can be used.

As the aluminoxane of Component (A) may include chain

alkylaluminoxane represented by the formula:

R R
>Al O —— Al — 0 —) Al/ (V)
_ -0 ——
; Iy Y

R

wherein n indicates polymerization degree, and a number
of 2 to 50; and R4 represents an alkyl group having 1
to 8 carbon atoms,

and cycloalkylaluminoxane having the repeating unit

represented by the general formula:

~—{— Al — 0 —) (VI)
. £4

and the like. Of these alkylaluminoxanes, that wherein R4 is
a methyl group, i.e. methylaluminoxane is particularly
preferred.

Generally, the reaction product of alkylaluminum

dompound such as trialkyvlaluminum and water includes the
abovemetioned chain alkylaluminoxane and
cycloalkylaluminoxane, unreacted trialkylaluminum, a mixture
of various condensation products, and further complicatedly
associated molecules thereof, which becomes various products

according to the contacting conditions of the alkylaluminum

~14-
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compound and water.

The reaction of the alklvaluminum compound and water is
not specified, but can be pérformed according to known
methods; for example, (1) a method in which an alkylaluminum
compound is dissolved in an organic solvent and then
contacted with water; (2) a method in which an alkylaluminum
compound is added at the time of polymerization, and then
water is added: aod (3) a method in which an alkylaluminum
compound is reacted with water of crystallization as
contained'in metal salts and the like, or water absorbed on
inofganic or organic compounds. The above water may contain
ammonia, amine such as ethylamine, sulfur compound such as
hydrogen sulfide, phOSphorus compound such as'phosphite and
so on in the proportion of less than 20%.

The preferred alkylalumihoxane to be used in the
‘ present invention is prepared by the'method in which, when a
“hydrated compound'is used, the resultant solid residue is
filtered_after the above contact reaction and the filtrate is
heated under atmospheric pressﬁre or reduced pressure at a
temperature of 30 to 200°C, preferably 40 to 150°C for from
20 minutes to 8 hours, preferably from 30 minutes to 5 hours
while removing fhe solvent. The temperature for the heat
treatment, may be determined optionally depending on various
conditions, but usually the above range can be used. If the
temperature is less than 30°C, effects cannot be obtained,
and if it exceeds 200°C, aluminoxane itself is pyrolyzed.

Depending on the conditions of the heat treatment, the

~15-
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reaction product can be obtained as a colorless solid or
solution. The product thus obtained can be used as a
catalyst solution, if necessary, by dissolving or diluting
with a hydrocarbon solvent.

Suitable examples of the alkylaluminoxane are those in
which the area of the high magnetic field component in the
methyl proton signal region due to the aluminum-methyl group
(Al—CHB)_bond as observed by the proton nuclear magnetic
resonance method is not more than 50% of the total signal
area. That is, in a proton nuclear.magnetic resonance (lH-

'-NMR) Spectral analysis of a solution of the alkylaluminoxane

in toluene at room temperature, the methyl proton signal due

" to Al-CH, is observed in the region of 1.0 to -0.5 ppm

3
(tetramethylsilane (TMS) standard). Since the proton signal
of ™S (0 ppm) is in the 1.0 to -0.5 ppm region of the methyl
proton signal due to A1~CH3, the alkylaluminoxane 1s measured
with toluene as the solvent as the standard. The methyl
proton signal due to Al-CH3 igs divided into two components:
the high magnetic field component in the %O.l to -0.5 ppm
region and the other magnetic field compOnent in the 1.0 to
-0.1 ppm regioﬁ. In alkylaluminoxane preferably used in the
' piesentinventioﬁ, the area of the high magnetic field
component is not more than 50%, preferably 45 to 5% of the
total signal afea in the 1.0 to -0.5 ppm region.

The transition metal compound of

Component (B) to be used as a catalyst of the present

invention may include a titanium compound, a zixrconium
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compound, a hafnium compound or' a vanadium compound. Various

titanium compounds can be used and a preferred example 1s at

least one compound selected from the group consisting of

titanium compounds and titanium chelate compounds represented

by the general formula:

ox

TiR® R6 R/ R8

b 4-(a+b+c) (VII)

T1R5 R6 R7

d 3-(d+e) (VIIL)

wherein RS, Rs, R7 and R8 are each a'hydrogen atom, an
alkyl group having 1 to 20 carbon atdms, an alkoxy
group having.l to 20 carbon atoms, an aryl group having
6 to 20 carbon atoms, an alkylaryl group, an arylalkyl
group, an eoylongroup having 1 to 20 carbon atoms, a

cyclopentadienyl group, a substituted cyclopentadienyl:

group, an indenyl group or a halogen atom; a, b and c

are each an integer of'O”to 4; and d and e are each an

integer of 0 to 3.

Rs, R6, R7 aﬁd R8'in the formulae (VII) and (VIII) each

represent a hydrogen atom an alkyl group having 1 to 20

carbon atoms (speciflcally, methyl group, ethyl group, propyl

group, butyl group, amyl group, isoamyl group, isobutyl

group, octyl grdup and 2-ethylhexyl group), an alkoxy group

having 1 to 20 carbon atoms (specifically, methoxy group,

ethoxy group, propoxy group, butoxy group, amyloxy group,

hexyloxy group, 2-ethylhexyloxy group and phenoxy group), an

-17-
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aryl group having 6 to 20 carbon atoms, an alkylaryl group,
an arylalkyl group (specifically, phenyl group, tolyl group,
xylyl group and benzyl group), an acyloxy group having 1 to
20 carbon atoms (specifically, heptadecylcarbonyloxy group),
a cyclopentadienyl group, a substituted cyclopentadienyl
group (specifically, méthylcyclopentadienyl group, 1,2-
dimethylcyclopentadienyl group and
pentamethylcyclopentadienyl group),’ an indenyl group Or a
halogen atom (specifically, chlorine, bromine, iodine and

5 6 7

fluorine). There R™, R, R and R8 may be the same as oOr

different from each other. Furthermore, a, b and c each are

an integer of 0 to 4, and d and e each are an integer of 0 to
3,

More preferred titanium compounds include a titanium
compound‘represented by the formula:

TiR"XYZ (IX)

wherein R" represents a cyclopentadienyl group, a
substituted cYclopentadienyl group or an indenyl group;
X, ¥ and Z are independently a hydrogen atom, an alkyl
group having 1 to 12 carbon atoms, an alkoxy group
having 1 to 12 carbon atoms, an aryl group having 6 to
20 carbon atoms; an arvlioxy group having 6 to 20 carbon
atoms, an arylalkyl group having 6 to 20 carbon atoms Or
a halogen atom.
The substituted cyclopentadienyl group represented by R"
in the above formula is, for example, a cyclopentadienyl

group substituted by at least one of an alkyl group having 1

~-18-
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to 6 carbon atoms, more specifically, methylcyclopentadienyl
group, 1,2-dimethylcyclopentadienyl group and
péntamethylcyclopentadienyl group. In addition, X, Y and Z
are each independently a hydrogen atom; an alkyl group ﬁaving
1 to 12 carbon atoms (specifically, methyl group, ethyl
group, propyl group, n-butyl group, isobutyl group, amyl
group, isoamyl group, octyl group and 2~ethylhexyl group), an
alkoxy group having 1 to 12 carbon atoms (specifically, ‘
methoxy group, ethoxy group, Propoxy group, butoxy group,
amylOxy group, hexyloxy'group, octyloxy group and'Z—

- ethylhexyl group), an aryl group having 6 to 20 cérbon atoms
(specifically, phenyl group'and naphthyl group), an aryloxy
group having 6 to 20 carbon atoms (specifically, phenoxy
groUp), an arylalkyl group having 6 to 20 cérbon atoms
(specifically, benzyl group) or a halogen atom (specifically,
chlorine, bromine, iOdine and fluorine).

Specific examplestf the titanium compound represented
by the formula (IX) include
cyclopentadienyltrimethyititanium,
cyclopentadiehyltriethyltitanium,
.CYClopehtadienyltripropyltitanium,
c&clopentadienyltributyltitanium,
methylcyclopentadienyltrimethyltitanium,
1,2-dimethylcyclopentadienyltrimethyltitanium,
1,3—dimethylcyclopentadienyltrimethyltitanium,
pentamethy1cyclopentadienyltrimethyltitanium,

pentamethylcyclopentadienyltriethyltitanium,

~-19-
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pentamethylcyclopentadienyltripropyltitanium,
pentamethylcyclopentadienyltributyltitanium,
cyclopentadienylmethyltitanium dichloride,
cyclopentadienylethyltitanium dichloride,
pentamethyicyclopentadienylmethyltitanium dichloride,
pentamethylcyclopentadienylethyltitanium dichloride,
cyclopentadienyldimethyltitanium monochloxride,
cyclopentadienyldiethyltitanium monbchloride,
cyclopentadienyltitanium trimethoxide,
cyclopentadienyltiténium triethoxide,
cyclopentadienyltitanium tripropoxide,
cyclopentadienyltitanium triphenoxide,
pentamethylcyclopentadienyltitanium trimethoxide,
pentamethylcyclopentadienyltitanium triethoxide,
pentamethylcyclopentadienyltitanium tripropoxide,
pentamethylcyclopentadienyltitanium tributoxide,
pentamethylcyclopentadienYltitanium triphenoxide,
cyclopentadienyltitanium trichloride,
pentamethylcyclopentadienyltitanium trichloride,
cyclopentadienylmetholetitanium dichloride,
cyclopentadienyldimethoxytitanium chloride,
péntamethylcycloﬁentadienYlmethbxytitanium dichloride,
cyclopentadienyltribenzyltitanium,
pentamethylcyclopentadienylmethyldiethoxytitanium,
indenyltitanium trichloride, indenyltitanium trimethoxide,
indenyltitanium triethoxide, indenyltrimethyltitanium and

indenyltribenzyltitanium.
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Of these titanium compounds, a compound containing no
halogen atom is preferred and a titanium compound having one T
electron type ligand as mentioned above is particularly
preferred.

Furthermore, a condensed titanium compound represented

by the following formula (X) can be used as the titanium

compound.

RQ

‘2l[‘i—~0 ' (X)

|
R0 A&

wherein Rg and Rlo each represent a halogen atom} an

alkoxy group having 1 to 20 carbon atoms or an acyloxy

group; and r is an integer df 2 to 20. -

Furthermofe, the above titanium compounds can be used in
the form of a complex formed with an ester oxr an ether.

The trivalent titanium cdmpound represented by the
formula (VIII) typically includes'a'trihalogenated titanium
such as.titanium trichloride; and a cYCIOpentadienyltitan-
ium compound such as.cyclopentadienyltitanium dichloride, and

- also those obtained by reducing a tetravalent titanium
' compound. These trivalent.titanium compoﬂnds can be used in
the form of a complex formed with an ester or an ether.

In addition, the zirconium compound used as the
transition metal compound includes tetrabenzylzirconium,
zirconium tetraethoxide, zirconium tetrabutoxide, bisinden-
vizirconium dichloride, triisopropoxyzirconium chloride,

zirconium benzyl dichloride and tributbxyzirconium chlor-
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ide, and hafnium compound includes tetrabenzyl hafnium,
tetraethoxide hafnium and tetrabutoxide hafnium and further
the vanadium compound includes bisacetylacetonato-

vanadium, triacetylacetonatovanadium, triethoxyvanadyl and
tripropoxyvanadyl. Of these transition metal compounds, the
titanium compounds are particularly preferred.

In the process of the present invention, if desired, in
addition to the above transition metal compound, another
catalytic components such as organic aluminum can be added.

The organic aluminum includes and organic aluminum

compound represented by the formula:

rL Al(ORlZ) H X | (XI)

kK S P q

wherein R11 and R12 each independently represent an alkyl
grouﬁhaving 1 to 8 carbon atoms, preferably 1 to 4
carbon atoms; X represents a halogen; k, s, p and (¢ are
O0<k<3, 0gs<3, 0§p<3 and 0<g<3, respectively, and
k+s+p+q=3.

The actibity of the catalyst is further improved by adding the

above compound.

; The organic‘aluminum compound represented by the above

formula (XI) can be exemplified as shown below. Those

corresponding to p=qg=o0 are represented by the formula:

11
Rk
mentioned above and k is preferably a number of 1.5¢kc3).

Al(ORlz)S_k (wherein Rll and R12 are the same as those

Those corresponding to s=p=0 are represented by the formula:

RllkAlxs_k (wherein Rll and X are the same as those mentioned
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above and k is preferably a number of 0<k<3). Those
corresponding to s=gq=0 are represented by the formula:
11

R™7, AlH, , (wherein R'' is the same as mentioned above and k

is preferably a number of 2<k<3). Those corresponding to p=0

are represented by the formula: RllkAl(ORlz)sXq (wherein Rll,

Rlz and X are the same as those mentioned above and 0;k<3,
O0<s<3, 0gg<3 and k+s+q=3).

In the organic aluminum compound represented by the
formula (XI), the compound wherein p=g=0 and k=3 is selected
from, for example, trialkylaluminum such as triethylaluminum
and tributylaluminum, or combination thereof, and those
preferred are triethylaluminum, tri-n-butylaluminum and
triisobutylaluminum. In the case of p=q=0 and 1.5<k<3,
included are dialkylaluminum alkoxide such as diethylaluminum
ethoxide and dibutylaluminum butoxide;
alkylaluminum sesquiaikoxide such as ethylaluminum sesqui-
ethoxide and butylélUminum'sesquibutoxide; as well as
partially alkoxylated alkylaluminum having an average
composition represented'by R122.5A1(0R13)0.5. Examples of the
compound corresponding to the case where s=p=0 include a
partially halogenated alkylaluminum including dialkylaluminum
'hélogenide (k=2) éuch as diethylaluminum chloride, .
dibutylaluminum chloride and diethylaluminum bromide;
alkylaluminum sesquihalogenide (k=1.5) such as ethylaluminum
sesquichloride, butylaluminum sesquichloride and ethylaluminum

sesquibromide; and alkylaluminum dihalogenide (k=1) such as

ethylaluminum dichloride, propylaluminum dichloride and
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butylaluminum dibromide. Examples of the compound
corresponding to the case in which s=g=0 includes a partially
hydrogenated alkylaluminum including dialkylaluminum hydride
(k=2) such as diethylaluminum hydride and dibutylaluminum
hydride; alkylaluminum dihydride (s=k) such as ethylaluminum
dihydride and propylaluminum dihydride. Examples of the
compound corresponding to the case in which p=0 include a
partially alkoxylated or halogenated alkylaluminum such as
ethylaluminumethoxy chloride, butylaluminumbutoxy chloride and
ethylaluminumethoxy bromide (k=s=q=1). Of these, triisobutyi—
aluminﬁm and diisobutylaluminum hydride are particularly
suitable.

For practicing the process of the present invention, the
amount of the alkylaluminoxane to be blende with the styrene
monomer is not particularly limited,'but preferably 0.001 to 1
mole per one liter'bf the styrene monomer. A ratio of
alkylaluminoxane (the organic aluminum compound may be
included) and the transition metal compound, in terms bf the
ratio of aluminum and titanium;wi.e. aluminum/titanium {(molar
ratio), is'l‘to 106, and preferably 10 to 104.

-'Polymerization (or-copolymeriZation) of the styrene
ménomer may be carried dut in bulk polymerization and may be

carried out in the presence of a solvent, e.g. an aliphatic

hydrocarbon such as pentane, hexane and heptane; an alicyclic
hydrocarbon such as cyclohexane; and an aromatic hydrocarbon
such as benzene, toluene and xylene. Moreover, the

polymerization temperature is not particularly limited, but 1is
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usually 0 to 100°C, preferably 20 to 80°C. Polymerizetion (or
copolymerization) of the styrene monomer is carried out by
using only the styrene monomers which are purified by the
purifying method of the present invention or by supplying
other styrene monomers in the reaction system using the
'styrene monomers.,

Further, in order to control the molecular weight of the
‘resulting styrene polymer, it is effective to carry out the
- polymerization reaotion'in'the presence oOf hydfogen.

The styrene based polymer thus obtained has a high degree
of sydiotactic configuration. Speolfio examples of the
styrene polymers include polystyrene, poly(alkylstyrene),
poly(halogenated styrene), poly(alkoxystyrene), poly(vinyl
benzoate) and mixtures thereof, and oopolymers containing the
same as main components. Here,'the poly(alkylstyrene)
includes poly(methylstyrene), poly(ethylstyrene),

oly(isopropylstyrene) and poly(tert~
butvlstyrene), and the poly(halogenated styrene) includes
poly(ohlorostyrene), poly(bromostYrene) and poly(fluoro-
'styrene)' The poly(alkoxystyrene)'inoludes poly(meth%
'oxystyrene) and poly(ethoxylstyrene) 'Of'these' a parti-
'onlerly preferred styrene polymer includes polystyrene
poly(p~methylstyrene), poly(m-methylstyrene), poly(p-tert-
butylstyrene), poly(p-chlorostyrene), poly(m-chlorostyrene),
poly(p~-fluorostyrene), and further a copolymer of styrene and

p-methylstyrene.

The styrene polymer produced by the process of the
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present invention usually has a number average molecular
weight of 1,000 to 5,000,000 preferably 50,000 to 4,000,000
and a high syndiotacticity as mentioned above. Furthermore,
if necessary, after polymerizatidh, when the resulting polymer
is subjected to deashing treatment with a washing liquid
containing hydrochloric acid and drYing under reduced pressure
to remove soluble cOmponents, a styrene polymer having a ‘
markedly large syndiotacticity and high purity can be
“obtained.

As'mentioned-above, according to the process of the
present invention; Sincé'a styrene mbﬁomer*containing less
amount of impurities such as phenylacetylene compound is used
.as'a starting'material, catalyst activity can'ba markedly
enhanced and high activity of the Catélyst can be retained for
- a long period of term because the_catalyst i1s not poisonéd.

Therefore, when a styrene monomer is polymerized by using
the purification method and polymerization'method of the
present invention, a stYrene polymer having a high
syndiotacticity cén be'prepared withgood.effiCienCy;

Thestyrene polymer having'syndiotactic configuration
.thus Obtained is eXcelleﬁt in various'physica1properties such
aéhéat resistancé'and'chemicél resistance so that it can be
‘utilized for wvarious uses widely and effectively.

Next, the present invention will be described in more
‘detail by referring to the following Examples.
EXAMPLE 1

(1) Purification of styrene
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A crude styrene containing 140 ppm of phenylacetylene as
an impurity was degassed under reduced pressure to decrease
the water content to 2 ppm. It.is also confirmed that the
similar change was accomplished by passing an inert gas

thexrethrough.

To 100 ml of the crude styrene subjected to the above
pre~-treatment was added 10 g of burnéd alumina, and the
mixture was shaken'at room temperature for.30 minutes. The
content of phenylacetylene was confirmed to be lowered to 40
- ppm by the gas chromatography analysis.

(2) Polymerizatioﬁ of'Styréne '

In a 30 ml of a'vessel'previously substitﬁted with
nitrogen was charged 10 ml of styrene monomer obtained by
(1) above, and after elevating the temperature of the nixture
to 70°C, 0.1 mmole of triisobutylaluminum and 0.1 mmole of
nmethylaluminoxane were.added tothé mixture and then 0.527
umole of pentamethleyclopentadienyltitanium trimethoxide was
added thereto td effect polymerization reaction at 70°C for 2
hours. .

. The polymerization reaction was stopped by adding
'  methanol and the polymér was_dried;' Yield of the polymer
(bolystyrene) was 7;11 g and catalyst adtiVity-fof
polymerization Was 297 kg/g.Ti.
EXAMPLE 2 '

The same prbcedure was carried out as in (1) and (2) of
Example 1 except for changing the processing time with

activated alumina from 30 minutes to 60 minutes in (1) of
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Example 1.
Yield of the obtained polymer was 8.14 g and catalyst
activity for polymerization was 340 kg/g-Ti.

COMPARATIVE EXAMPLE 1

The same procedure was carried out as in (2) of Example 1
except for using crude styrene used in Example 1 without
effecting the purification in (1) of Example 1.

Yield of the obtained polymer was 4.23 g and catalyst
activity for polymerization was 177 kg/g-Ti.

REFERENCE EXAMPLE 1

The same procedure was carried out as in (1) and (2) of
Example 1 except for replacing activated alumina in (1) of
Example 1 with zeolite 4A.

Yield of the obtained polymer was 5.01 g which is
rélatively good thén the result df COMPARATIVE EXAMPLE 1 but

the ratio of atactic configuration of the polymer raised to

18.7%.

REFERENCE EXAMPLE 2

The same procedure was carried out as in (1) and (2) of
| Example.l except for replacing activated alumina in (1) of
Example 1 with zeolite 13X.

' Yield of the obtained'polymer was 5.42 g and the ratio of
atacitc configuration of the'p01Ymer was 32.07%.
EXAMPLE 3

(1) Purification of styrene
A crude styrene containing 140 ppm of phenylacetylene as

an impurity was charged in a closed'vessel replaced by
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nitrogen and 0.5 mmole of methylaluminoxane was added per 100

ml of styrene, and the mixture was treated at 50°C for 30
minutes. Contact treatment was carried out by adding 30 g of
burned alumina per 100 ml of the thus treated styrene to
obtain purified styrene..

The content of phenylacetylene in the purified styrene
was 8 ppm by the gas chromatography analysis.
(2). Polymerization of styrene

In a closed vessel replaced by nitrogen was charged 10 ml
of the purified styrene obtained in the above (1), and after
elevating the temperature to 70°C, 75 pymole Of
triisobutylaluminum and 75 ymole of methylaluminoxane were
added to the stYreﬁe, and then 0,375 umole of pentamethyl-
cyclopentadienyltitanium trimethoxide was added thereto and
polymerization reaction was carried out at 70°C for one hour.
Then, polymerization was stopped by adding methanol and the
polymer'was dried. Yiéld of the obtained polymer was 3.00 g
and the catalyst activity Wés 138 kg/g Ti.

EXAMPLE 4

il

(1) Purificaton‘of styrene

A crude styrene cdntaining 140'ppm of phenylacetylene as
én impurity was charged ih'a‘c1osed vessel replaced by
nitrogen and 1 mmole of triisbbutylaluminum was added per 100
ml of styrene, and the mixture was treated at 50°C for one
hour. Contact treatment was carried out by adding 30 g of
burned alumina per 100 ml of the thus treated styrene to

obtain purified styrene.
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The content of phenylacetylene in the purified styrene

was 5 ppm by the gas chromatography analysis.
(2) Polymerization of styrene

In a closed vessel replaced by nitrogen was charged 10 ml
of the purified styrene obtained in the above (1), and after
elevating the temperature to 70°C, 75 umole of
triisobutylaluminum'and-?S umole of methylaluminoxane were
added to the styrene, and then 0.375 umole of.pentamethyl-
cyclopentadienyltitaniumtrimethoxide was added thereto and
polymerizatioh reaction was cérried out at 70°C for one hour.
Then, pblymerizationwas stoppedby adding methanol and the
polymer wés dried. Yiéld of the obtained polymer was 3.51 g
'and the catélyst_activity was 161 kg/g Ti.

EXAMPLE 5

(1) Purification of'styrene

Purification of styrene was carried out in the same
'manner as in (l) of EXAMPLE 4except.for using diisobutyl-
aluminumhydride in pléce of triisobutylaluminum. The content
- of phenylacetylene in the purified styrene was no detectable
by the gas chromatography analysis. - .
(2) Pdlymerizatibn of styrene.
- PolymerizatiOn'reacfion'wéS“carried out in the same
manner as in (2) of EXAM?LE~4 excépt for using purified
styrene obtained in the above (1) of EXAMPLE. Yield of the
obtained polymer was 3.94 g and the catalyst activity was 181

kg/g Ti.
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7316227

THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A process for producing styrene polymers having a high
degree of syndiotactic configuration by polymerizing a styrene

monomer in the presence of a catalyst comprising (A)

aluminoxane and (B) a transition metal compound,

wherein a purified styrene monomer containing a phenyl-

acetyvlene compound 1in an amount of 50 ppm Oor less is used.

2. The process according to Claim 1, wherein said phenyl-

acetylené compound is phenylacetylene.

3. The process according to Claim 1, wherein the amount of
the phenylacetylene compound in the purified styrene monomer

is 10 ppm or less.

q. The process according to Claim 1 or 2, wherein the
purified styrene monomer 1s obtained by treating a crude
styrene monomer for industrial use with at least one inorganic

substance selected form the group consisting of alumina,
activated alumina, silica gel, activated charcoal, calcium

6xide, aluminum silicate and diatomaceous earth.

S. The process according to Claim 1 or 2, wherein the
purified styrene monomer is obtained by degassing a crude
styrene monomer for industrial use under reduced pressure or

passing a dried inert gas through the crude styrene by

-371 -
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bubbling, and then treating it with at least one inorganic
substance selected from the group consisting of alumina,

activated alumina, silica gel, activated charcoal, calcium

oxide, aluminum silicate and diatomaceous earth.

6. The process according to Claim 1 or 2, wherein the
purified styrene monomer is obtained by bringing a crude
styrene monomer for industrial use’ into contact with an
organoaluminum compound, and then treating it with at least
one inorganic substance selected form the group consisting
alumina, activated alumina, silica gel, activated charcoal,

calcium oxide, aluminum silicate and diatomaceous earth.

7. The process according to Claim 1 or 2, wherein the
purified styrene is obtained by bringing a crude styrene

monomer for industrial use into contact with an organo-

aluminum compound and then distilling it.

8. The process according to Claim 1 or 2, wherein the
purified styrene is obtained by bringing a crude styrene
monomer for industrial use into contact with an organo-

aluminum compound, hydrolyzing and then distilling it.

9. The process according to Claim 1 or 2, wherein the
purified styrene is obtained by bringing a crude styrene

monomer for industrial use into contact with an organo-

of

aluminum compound, hydrolyzing and then treating it with at

~-32 -

e —————— v vy e s e A AT PR« [ A AT T 7 S AR | PN Y SIS 4 VI ] CAT A ] I P M 4 S dam g i e F gt v oyt matar st b AV R b i el s ey

‘ FPaden adh O T 00 N o g by b D et 4 = TP AR BT OAA LAY T B Ay - AR A -



. Akt 0o ] e e el SO A I A LALLM R sl Ll PO Y

2022155

least one inorganic substance selected from the group
consisting of alumina, activated alumina, silica gel,
activated charcoal, calcium oxide, aluminum silicate and

diatomaceous earth.

10. The process according to claim 1 or 3, wherein:

the styrene monomer is represented by the formula:

CH,=—CH
(I)

R) 1,

(wherein R represents a hydrogen atom, a halogen atom or a

hydrocarbon group having 20 or less carbon atoms and m is an

integer of 1 to 3); and

the phenylacetylene compound is represented by the

formula:

CH=

(II')

R) 1,

(wherein R and m are as defined above).
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11. The process according to any one of claims 1 to 10,

wherein:

the transition metal compound (B) is a titanium

compound represented by the formula:
TiR%ROpR7 R8, _ (oibse) (VII) or
TiR°3R®R73_ (gq.e) (VIII)
(wherein:
RS, R®, R7 and R® are each a hydrogen atom, an
alkyl group having 1 to 20 carbon atoms, an alkoxy group

having 1 to 20 carbon atoms, an aryl group having 6 to 20

carbon atoms, an alkylaryl group, an arylalkyl group, an
acyloxy group having 1 to 20 carbon atoms, a cyclopentadienyl

group, a substituted cyclopentadienyl group, an indenyl group

or a halogen atom;

a, b and ¢ are each an integer of 0 to 4; and

d and e are each an integer of 0 to 3);

the aluminoxane (A) is employved in an amount of

0.001 to 1 mole per liter of the styrene monomer:

the catalyst further comprises an organic aluminum
compound represented by the formula:

Ry Al (0R12) gH X (XI)
(wherein:

R1l and R12 are each an alkyl group having 1 to 8

carbon atoms;
X is a halogen atom; and

k, 8, p and q satisfy 0 < k g3, 0 ¢ 8 <3,

0O s Pp<3, 0 £ g< 3 and k + 8 + p + q

3); and

- 33a -
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the transition metal compound (B) is employed in
such an amount that a ratio of aluminum in the aluminoxane
(A) and the organic aluminum compound of the formula (XI) to
titanium in the titanium compound of the formula (VII) or

(VIII) is 1 to 10°.

12. The process according to claim 11, wherein:

the aluminoxane (A) is methylaluminoxane;

the titanium compound is pentamethylcyclo-
pentadienyltitanium trimethoxide; and

the organic aluminum compound is a trialkylaluminum

in which the alkyl has 1 to 8 carbon atoms.

- 33b -

73162-27

sralarmdvah s argrd R e e, s mes s EEE I PR S e A TP IR wr o ee oades smaaatey e e e e . I L P B T I L L Tl b i L e el SRR T P o . PGH S B 04 7 - PO+ DT 4TS T S Bvras e Y0




2022155

73162-27

13. A process for producing polystyrene having such a high
degree of syndiotactic configuration that a proportion of racemic
pentad as determined by a 13C-NMR.method 1s at least 50%, which
process comprises:

[1] purifying crude styrene monomer containing from
about 80 to about 300 ppm of phenylacetylene to obtain purified
styrene monomer containing 50 ppm or less of phen?lacetylene by :

(1) treating the crude styrene monomer with at
least one inorganic substance selected from the group consisting
of alumina, activated alumina, silica gel, activated charcoal,
calcium oxide, aluminum silicate and diatomaceous earth:

(2) (1) degassing the crude styrene monomer under
reduced pressure or bubbling a dry inert gas through the crude
styrene monomer to remove water contained therein and then (ii)
treating the dried crude styrene monomer with the inorganic sub-
stance mentioned above (1);

(3) (1) contacting the crude styrene monomer with
an organocaluminum compound and then (ii) treating with the in-
organic substance mentioned above (1):;

(4) (1) contacting the crude styrene monomer with
an organocaluminum compound and then (ii) distilling styrene
monomer ;

(5) (1) contacting the crude styrene monomer with
an organoaluminum compound, (ii) subjecting the organoaluminum

compound to hydrolysis and then (iii) distilling styrene monomer;

(6) (1) contacting the crude styrene monomer with
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an organoaluminum compound, (ii) subjecting the
organocaluminum compound to hydrolysis and then (iii)
contacting with the inorganic substance mentioned above: or

(7) subjecting the crude styrene monomer to a
selective hydrogenation treatment in the presence of a
hydrogenation catalyst containing a platinum group metal, Ni
or Cu to selectively hydrogenate phenylacetylene contained
therein, and

[2] polymerizing the thus-purified styrene monomer
in the presence of a catalyst (A) aluminoxane selected from
the group consisting of a chain alkylaluminoxane of the

formula

4 4

R R
\AI——O-GAI——O%E Al< . (V)
rd” b4 R

and a cyclic alkylaluminoxane having a repeating unit of the

formula;

—+ Al - O ) (VI)
Ly
where R? is an alkyl group having 1 to 8 carbon atoms and n

is a number of 2 to 50, and (B) a titanium compound.

14. The process according to claim 13, wherein variant

(3) is carried out in the purification step [1].

73162-27
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15. The process according to claim 13, wherein variant
(1), (2), (3) or (6) is carried out using alumina or
activated alumina as the inorganic substance in the

purification step [1].

16. The process according to claim 13, wherein, in the
purification step [1], variant, (3), (4), (5) or (6) is

carried out

- 35a -
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using a compound of the formula:

AlRliszR33-(i+j) (III)

(wherein R, R2 and R3 each represent a hydrogen atom, an alkyl

group or an alkoxy group each having 1 to 8 carbon atoms or s

halogen atom:; and

1 and j each are an integer of 0 to 3, provided that

h—— T

the total of i and j is 0 to 3)

————

as the organocaluminum compound.

17. The process according to claim 14, wherein, in the
purification step [1], alumina or activated alumina is used as the

inorganic substance; and, as the organoaluminum compound, a

compound of the formula:

AlRliszR33-(i+j) (II1)

(wherein Rl, R2 and R3 each represent a hydrogen atom, an alkyl

group or an alkoxy group each having 1 to 8 carbon atoms or a

halogen atom; and

1 and j each are an integer of 0 to 3, provided that

the total of 1 and j is 0 to 3) is used.

18. A process according to claim 13, 14, 15, 16 or 17, where-
in the purification step [1] is conducted to such an extent that

the resulting purified styrene monomer contains no more than 10

ppm of phenylacetylene.
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